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INTRODUCTION 


This Manual describes the functions and operations of the Heath H8 Panel 
Monitor Program, PAM-8, which resides permanently in a ROM on the H8 CPU 
board. PAM-8 provides a sophisticated front panel display and keyboard emula- 
tion as well as handling master clear and interrupt operations. Some of the major 
features of PAM-8 are: | 


@ Memory contents display and alteration. 

e Register contents display and alteration. 

e Program execution control (both breakpoint and single instruction 
operation). 

e Self-contained bootstraps for program loading and dumping. 

e Port input and output routines. 


In addition to the above features, PAM-8 can be instructed (by means of a flag 
byte contained in H8 RAM) to bypass some or all of its normal functions so the 
sophisticated user can augment or totally replace them. 


Communication with the Panel Monitor is accomplished through three devices: 
the keypad, the 7-segment displays, and the audio alert. The user enters com- 
mands and values through the 16-key keypad, and PAM-8 responds visually 
through the front panel displays. In addition to the front panel displays, PAM-8 
provides the keypad entry and function feedback to the built-in speaker. Ap- 
propriate signals (short, medium, and long beeps) indicate that commands and 
data are accepted or rejected. 
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THEORY OF OPERATION ~ 


This section will supplement the information contained in the “Operation” and 
“Circuit Description” sections of your H8 Operation Manual. In order to fully 
understand how PAM-8 operates, you must be familiar with the H8 front panel 
and CPU. A thorough knowledge of the 8080 instruction set and its architecture 
is also essential. 


Power Up and Master Clear 


PAM-8 initializes the H8 whenever you power-up or master clear (RST). You 
initiate the power-up operation by turning on the rear panel Power switch. You 
can master clear by simultaneously depressing both the lower right-hand (RST) 
and lower left-hand (@) keys of the H8 front panel keypad. Both power-up and 
RST cause a level zero (highest priority) interrupt and result in a long beep from 
the audio alert. 


During initialization, PAM-8 enters a routine which determines the high limit of 
continuous RAM. Once the high limit of available RAM is determined, the H8 
stack pointer (SP) is set to this value and control is passed to the front panel 
command loop. Using this feature, you can immediately determine the total 
amount of continuous memory above 8K by displaying stack pointer value. 


Clock Interrupts 


The Clock Interrupt is a crucial element in the operation of the H8 front panel 
system. This level one interrupt is generated by the front panel hardware every 
2,000 uS. PAM-8 uses this interrupt to check for some keyboard commands, to 
check for user program breakpoints, and to refresh the front panel displays. 


PAM-8 performs these functions using a series of subroutines which are exe- 
cuted as necessary when indicated by the interrupts. For this reason, all user 
programs must maintain a valid stack (at high memory) containing at least 80 
free bytes at all times. If this stack space is not available and PAM-8 is running (it 
can be disabled; see the Advanced Control Section), unpredictable software 
damage can occur in your program. In the same manner, if your program should 
execute a DI (Disable Interrupt) instruction, no front panel services including the 
RTM (Return To Monitor) function are available until an EI (Enable Interrupt) 
instruction is executed or until a master clear (RST/@) is performed. 
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PAM-8 Modes/Using RST and RTM 


PAM-8 is always in either the monitor mode or the user mode. In the monitor 
mode no user program is executing, PAM-8 loops reading the keypad and 
refreshing the displays. All commands entered via the keypad are valid; how- 
ever, the RTM command is meaningless. 


When your program is being executed, PAM-8 is in the user mode and the MON 
LED on the front panel is extinguished. Only two keyboard commands are valid 
in this mode: RST (master clear) and RTM (Return To Monitor). NOTE: Both of 
these commands are dual key commands. No single key command is recognized, 
sO a user program may have free use of the entire keypad. 


You can return PAM-8 to the monitor mode by using the RTM command (simul- 
taneously press the # and the # keys). This command stops program execution at 
the end of the current instruction, stores the current value of each register, and 
returns PAM-8 to the monitor mode. You can then continue your program by 
pressing the GO key. The RST command (simultaneously press the 0 and the / 
keys) performs the master clear operation described earlier and does not save any 
register values. 


Normally, when a user program is running, PAM-8 is also running. Thus, if 
PAM-8 is displaying the contents of the HL register pair and the user program is 
started, it continues to display the contents of this register pair as the program is 
run. If the user program changes the contents of the HL pair, the change is 
immediately reflected in the front panel displays. In a similar manner, if a 
memory location is displayed when a user program is started, it is displayed 
during the time the user program is run. If the user program changes the contents 
of-the displayed memory location, the front panel display changes. 


Since PAM-8 does not recognize keypad commands in the user mode, the RTM 
command must be used before the memory location or register being displayed is 
changed to a new location or a different register. Once you select the new 
location or different register, you can resume program execution by pressing GO. 


NOTE: PAM-8 requires about 10% of the H8 CPU’s resources to process the 
display interrupts. Programs which are compute-bound may be slowed down by 
simultaneous operation of PAM-8. In this situation, you may wish to turn off the 
clock interrupts to improve execution time. See ‘‘Using Interrupts’ on Page 1-24. 
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H8 Displays 


You must understand the H8 front panel presentation in order to use PAM-8. The 
display is made up of 9 digits, in three groups of three digits each. See Figure 1-1. 
Each group of three digits displays one byte (eight bits) of information. This 
information may be the contents of a designated register or memory location, or 
it may be the address of a memory location itself. The register names are also 
displayed. 


All binary numbers are converted to octal format for display on the H8 front 
panel. The following table shows binary to octal conversion. 


BINARY NUMBER OCTAL NUMBER 

000 fi 
001 | 
010 a 
011 = 
100 zi 
101 :) 
110 5 

5 


111 


1 -8 CHAPTER ONE 





Each byte is displayed as two-and-one-half octal digits. The octal numbers lie in 
the range of 000 to 377 for binary numbers in the range 00000000 to 11111111, as 
shown below. 


00 000 000 
— —— —— 
= significant octal digit (0-7), 
Middle octal digit (0-7). 


Most significant octal digit (0-3). 


NOTE: As there are only eight bits in a byte, the most significant octal digit only 
represents two bits and is therefore displayed as 0 to 3. If the user should 
inadvertently enter the octal digits 4 to 7 into the most significant digit, the most 
significant bit is lost. Losing this bit converts 4 through 7 into the digits 0 
through 3 respectively. | 


Also note that 16-bit numbers, such as memory addresses and certain register 
contents, are still displayed as two eight-bit numbers. Therefore, the H8 front 
panel representation of the number is made up of two groups of three octal 
numbers in the range of 000 to 377. This representation of 16-bit binary numbers 
is known as offset octal, and is used consistantly throughout all H8 displays of 
16-bit numbers. Offset octal must not be confused with octal. For example: 


11111111 111111141 °&2A 16-bit binary number 
Se —=————" ee” eo” 


3. 7 7 3. 7 7 Offset octal representation (377 377) 


1111111111111111 °&2A 16-bit binary number 


1 $7 7 7 7 7. True Octal representation (177777) 


The lower example shows true octal representation of a 16-bit binary number. 
This is not used by the H8 front panel displays or any H8 software. Occasionally 
you will see offset octal numbers printed with a decimal point separating the 
upper and lower bytes. For example: 


377.377 


Hi Byte Lo Byte 
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H8 Keypad 


The H8 Keypad consists of 16 keys, as shown in Figure 1-1. When the keypad is 
operating under the control of PAM-8, it exhibits a number of unique properties. 


Each keystroke is verified by a short beep from the audio alert. 
Octal digits are entered using the keys 0 through 7. 

Holding a key down continuously repeats the key’s function. 
The + key increments memory port or register locations. 

The — key decrements memory port or register locations. 

The * key cancels previous keypad entries. 

The ALTER key causes PAM-8 to enter the alter mode. 

The MEM key causes PAM-S8 to enter the display memory mode. 
The REG key causes PAM-8 to enter the register mode. 


Many of the keys on the keypad have multiple functions, depending on the 
PAM-8 mode being used. In the register mode, for example, the numeric keys 
(1-6) call the register indicated in the upper left-hand corner of the key. When the 
PAM-8 is in neither the register nor the memory mode, the keys perform the 
functions indicated in the lower right-hand corner of the key. 


The # and / keys have additional special functions, as indicated earlier. When 
the / key is pressed simultaneously with the 0 key, the RST (master clear) 
sequence is initiated. When the # sign key is depressed simultaneously with the 
O key, the RTM (Return To Monitor) function is initiated, the user program is 
stopped, and PAM-S8 regains control. 


Each key is covered in greater detail as the various function are discussed. 
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DISPLAYING AND ALTERING 
MEMORY LOCATIONS 


One of the major features of PAM-8 is its ability to examine the contents of any H8 
memory location and to modify the contents of that memory location if itis RAM. 


When the H8 is first powered up, PAM-8 is in the display memory mode. This 
mode is indicated by all digits displaying octal numbers and no decimal points 
being on. 


Specifying a Memory Address 


If you wish to display or alter the contents of a memory location. You must first 
place PAM-8 in the memory address mode and then enter the desired memory 
address. Place PAM-8 in the memory address mode (if not already there) by 
pressing the MEM (Memory) key. Specify the address to be displayed or altered 
by entering the 6-digit address (offset octal). 


When you press the MEM key, all the decimal points will light. This indicates 
that the address may now be entered. Once the full 6-digit address is entered, the 
decimal points turn off, indicating that address entry is completed. After all 6 
digits are entered, the address is displayed in the left-most six displays, and the 
contents of the addressed memory location are > displayed in the right-hand 3 
digits. 


NOTE: As you press each key, including the MEM key, a short beep indicates 
successful entry. As each group of three octal digits is successfully entered, a 
medium beep is sounded. The sequence by which you apeclty a memory address 
is shown in Figure 1-2. 


PRESS MEM KEY 


Short beep. 


All decimal points light. 





Enter most significant 
digit of HI byte (0-3). 


Short beep. Digit appears 
in third digit. 


Enter next two digits — 
of high byte (00-77). 


2nd digit followed by short 
, beep, 3rd by medium beep. 


Enter three digits of low 
byte (000-377). 


Each digit followed by short 
beep. Last digit followed 


by medium beep. Decimal points 
out. Value displayed in right- 
hand three digits. 





. Figure 1-2 
Entering a memory address through PAM-8. 


NOTE: If you press a non-octal digit key as one of the six address digits, an error 
is flagged (a long beep). Once this error is flagged, the PAM-8 considers the 
address complete and extinguishes the decimal points. The entire sequence 
must be repeated. 
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Altering a Memory Location 


Before you can alter a memory location, you must first display the contents of the 
memory location by specifying the memory address as described in the preced- 
ing paragraphs. After you specify the memory address, press the ALTER key. 
This will cause PAM-8 to enter the memory alter mode. 


~ When PAM-8 enters the memory alter mode, a single decimal point rotates from 
right to left through all 9 digits. You can now alter the contents of the displayed 
location by entering the new octal value (three digits on the keypad). When the 
three digits have been entered, acoustical verification (a short beep).is given and 
the memory address is incremented. You can then alter this new location by 
entering three more digits or pressing one of the following keys, causing the 
monitor to perform the indicated function: 


KEY | FUNCTION 
+ Increment the address. 
om Decrement the address. 
MEM Specify a new memory address (leave memory alter 
. mode). 
REG Specify a register for display (leave memory alter mode). 
ALTER Exit from the alter mode (into the display mode). 


NOTE: PAM-8 automatically increments the memory address as each entry (3 
octal digits) is complete. Therefore, you may load a program in sequential 
locations very rapidly. Each location is modified by simply entering the three 
octal digits. 
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The following example reviews each step as the H8 is turned on; the memory 
address mode is entered; and the location 040 123 is addressed, altered to 345, 
checked, and closed. 


DISPLAY COMMENTS 

Kee SX. KX Random memory display at power up (X=ran- 
dom number.) 

Me he Rg tee ay Mey. ee oes MEM key pressed. (In memory address mode, a 

. short beep.) 

RO ee. Kee 0 key pressed. (Short beep.) 

X.0.4. X.X.X. X.X.X. 4 key pressed. (Short beep.) 

0.4.0. X.X.X. X.X.X. O key pressed. (Medium beep.) Contents of loca- 
tion 040 XXX displayed.) 

Git Ou Cheha Ma dakes 1 key pressed. (Short beep. Contents of 040 XX1 
displayed.) 

Ov4.04 Xeds2s. XXX 2 key pressed. (Short beep. Contents of 040 X12 
displayed.) 

040123 XXX 3 key pressed. (Medium beep. Contents of de- 
sired location 040 123 displayed, decimal points 
out.) 

0.4.0 1.2.3 X.X.X ALTER key pressed. (Short beep. Decimal points 
rotate.) . 

Beach Qapus.. Kets s. 3 key pressed. (Short beep. Decimal points ro- 
tate.) 

QAO As2uS5 2.34. 4 key pressed. (Short beep. Decimal! points ro- 

. tate.) 

0.4.0. 462.4) XleK Xx, 5 key pressed. (Medium beep. Address incre- 
ments one location. Decimal points rotate.) 

0.4.0 14.2.3 3.4.5 —key pressed. (Short beep. Address decrements 
one location. Decimal points rotate.) 

040 423 3465 ALTER key pressed. (Short beep. Decimal points 
go out.) 


Stepping Through Memory 


When PAM-8 is either in the display memory or alter memory modes, the t+and 
—keys increment and decrement the memory address. Each time you press the 
key, PAM-8 increments (or decrements) the memory address one location. If you 
hold the key down, the auto-repeat function of PAM-8 causes the memory 
address to increment or decrement repeatedly (approximately one location every 
second). 
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DISPLAYING AND ALTERING REGISTERS 


PAM-S8 can display and alter the contents of the 8080 CPU registers, just as it 
displays and alters the contents of H8 memory locations. Although the process is 
quite similar, a few special features should be noted. 


Specifying a Register for Display 


Press the REG key to specify that a register is to be displayed. After you press the 
REG key, press a second key (SP through PC, see the Table below) to specify the 
desired register or register pair. | 


When the REG key is pressed, six decimal points light, indicating that you must 
now select a register. NOTE: Simply pressing the REG key causes a register name 
to appear in the right-hand digits. However, you must select a register using the 
Register Select key before a register is definitely selected and its true contents are 
displayed. Once a register is selected, the decimal points are extinguished. 


The contents of the selected register pair are displayed in the six left-most 
displays. The register name (or names) are displayed in the tworight-most digits 
of the right-hand three displays. The registers are selected and displayed in 
accordance with the following table: 


KEY LEFT 3 DIGITS MIDDLE 3 DIGITS RIGHT PAIR COMMENTS 
SP (1) 000 to 377 000 to 377 ae Stack pointer 
AF (2) 000 to 377 000 to 377 AF AF Register pair 
BC (3). 000 to 377 000 to 377 hE BC Register pair 
DE (4) 000 to 377 000 to 377 dE DE Register pair 
HL (5) 000 to 377 000 to 377 HL HL Register pair 
PC (6) 000 to 377 000 to 377 Pe Program counter 


NOTE: The contents of any single eight-bit register may lie in the range of 000 to 
377 octal. The stack pointer (SP) and the program counter (PC) are 16-bit regis- 
ters and are displayed as two sets of three octal numbers. Each 3-digit grouping 
corresponds to one byte (8 bit number). When a register pair is displayed, the left 
three digits correspond to the left register and the middle three digits correspond 
to the right register. For example: 


aie wee sone 


Register A contains 256 and F contains 312. 
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Altering the Contents of a Selected Register 


To alter the contents of a register (or register pair), you must first specify it as 
described in the preceding paragraphs. After you select the register or register 
pair, press the ALTER key. This will cause the six left-hand decimal points to 
rotate right to left, indicating that you may enter 6 digits to alter the contents of 
the indicated register or register pair. 


Alternatively, you may press one of the following command keys: 


KEY FUNCTION 
+ Changes the register pair being displayed. 
— Changes the register pair being displayed. 
MEM Specify a new memory address (leave the alter register 
mode). 
REG Specify a new register for display (leave alter register 
-mode). 
ALTER Exit the register alter mode. 


NOTE: Stack pointer register (SP) is not a direct display of the real stack pointer 
register, but simply a copy of the real stack pointer register and is used for 
display purposes only. The stack pointer cannot be altered from the front panel. 
To alter the stack pointer register, an SPHL (SPHL = 371) instruction must be 
written into memory. The desired new stack pointer value is then placed in the 
HL register pair. PAM-8’s single instruction mode is used to execute the SPHL 
swap instructions, loading the stack pointer with the contents loaded in the HL 
register pair. 


Stepping Through the Registers 


Use + and — keys to change the register pair being displayed. For example, if the 
DE register pair is being displayed, press the + key causes the next sequential 
register pair to be displayed (the HL pair). In the same manner, pressing the — 
key causes the register to decrement to the preceding pair. For example, if the DE 
pair is being displayed, pressing the — key displays the BC register pair. NOTE: 
Holding down either the + key or the — key causes the display to continuously 
increment or decrement through all the six registers/register pairs. 
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PROGRAM EXECUTION CONTROL 


PAM-8 supports three basic program execution control facilities: 


@ Beginning or starting execution. 
e Breakpointing. 
@ Single instruction. 


Fach of these execution controls permits the programmer to execute the desired 
portions of a program and examine its effects. He may execute the entire prog- 
ram, or a small group of instructions, or a single program instruction. 


Initiating Program Execution 


To begin the execution of a program residing in H8 memory, place the address of 
the first instruction to be executed in the PC (program counter). Use the methods 
described in ‘Displaying and Altering Registers” (Page 1-14). Once the address 
of this first instruction is placed in the program counter, press the GO key and 
program execution will begin. NOTE: Unless the program disables the front 
panel, the display continues to be actively updated, although the front panel 
commands are no longer active (except for RST and RTM). Ifthe program counter 
is displayed when you press the GO key, PAM-8 continuously monitors the 
program counter. 


Breakpointing 


Breakpointing permits the programmer to execute small portions of a program 
and then return to PAM-8. Breakpointing is especially useful when a program is 
being ‘‘debugged.”’ Small portions of the program may be executed and their 
results observed. If there is an error, it may be corrected before an entire program 
is involved. 


When the H8 executes a program and encounters a halt instruction, it re-enters 
PAM-8 and sounds the alarm. All of the registers are preserved and the program 
counter points to the address following the address of the halt instruction. Thus, 
you can breakpoint a program from the front panel by inserting halt instructions 
(HLT = 166) at the desired points throughout the program. When a particular 


Panel Monitor 1-17 


section of the program is tested and the breakpoint feature is no longer required, 
you can change the halt toa NOP (NOP = 000). Once the halts are changed to | 
NOPs, execution of the NOP simply passes control to the next successive instruc- 
tion. Program execution for breakpointing uses the GO key as described above. 


NOTE: If you temporarily replace an existing instruction with a halt, you must 
restore the instruction before resuming program execution. The contents of the 
program counter point to the address following the halt. Therefore, if the instruc- 
tion which replaced the halt is to be executed, when the program continues, the 
contents of the program counter must be decremented one location before 
execution is resumed. 


Single Instruction Operation 


Any user program may be operated in the single instruction mode. This proce- 
dure is identical to the GO command, except that the SI key is pressed rather than 
the GO key. When the SI key is pressed, a single instruction (not a single machine 
cycle) is executed and then control is returned to PAM-8. Single instruction 
operation is available for careful inspection of program results and for executing 
special programs, such as swapping the HL register pair with the stack pointer as 
discussed in “Altering the Contents of a Selected Register’ (Page 1-15). 


Interrupting a Program During Execution 


You can interrupt a running program (with all registers preserved at the point of 
interruption) by pressing RTM & 0. You can then examine and/or alter the 
contents of various memory locations and all the registers as required. Resume 
execution of the program at the next sequential instruction by simply pressing 
_ the GO key. NOTE: Although all registers and memory locations are preserved 
when RTM & 0 are pressed, it is very difficult to stop a program at an exact 


location. Therefore, use the breakpoint feature if you want to stop the program at 
an exact location. 
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LOAD/ DUMP ROUTINES 


PAM-8 contains a routine that lets you load and dump memory contents from or 
to a tape. This feature is especially important, as most computers require one or 
two successive “‘boot strap” routines to be hand-loaded before a desired program 
can be loaded into the main memory. All these ‘‘boot strap” routines are con- — 
tained within the PAM-8 ROM, and use sophisticated error checking techniques. 
Thus, a program can be loaded or dumped by simply pressing a single key. 


Loading From Tape 


To load from a tape, ready the reader device with the tape to be loaded prior to 
executing the load command. Place PAM-8 in the display memory mode and 
press the LOAD key. Once the LOAD key is pressed, PAM-8 starts the tape 
transport and scans the tape for the first file record. 


No change will be seen on the front panel displays until PAM-8 finds the first 
file, When the first file record is located, PAM-8 checks it to see if it is the first (or 
only) record in a sequence, and the record is amemory dump record. If it is not a 

_ memory dump record, a number two error is flagged (see ‘“Tape Errors” on Page ~ 
1-20). 7 


Once a correct record is found, loading proceeds. The loading procedure places 
the entry point address of the program being loaded in the H8 program counter. 
The H8 memory is then loaded. The displays continuously show the address 
being loaded and the data being loaded at these addresses. When the load is 
complete, PAM-8 sounds a long beep and displays the final memory address. If 
the.load is faulty, a number one error is displayed and the audio alert contin- 
uously beeps. (See ‘““Tape Errors,”’ Page 1-20.) 


NOTE: You may abort a partial load by using the CANCEL key. Naturally, the 
load image resulting from this action is incorrect, and should not be executed. 


Dumping to Tape 


Before dumping a memory image onto tape, the following three dump 
parameters are required: 


e The entry point address (the program starting address). 
@ The dump starting address. 
® The dump ending address. 
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Set the desired entry point address by placing this value in the program counter 
(PC). This value will be placed in the program counter whenever you load the 
program so execution will begin at this address when you press the GO key. 


Place the dump starting address into the first two H8 RAM cells. These are: 040 
000 (offset octal) and 040 001 (offset octal). NOTE: The low order byte of the 
address should be placed into location 040 000 and the high order byte of the 
starting address should be placed into location 040 001. 


Enter the dump ending address as a memory address using the # (MEM) key. 
Then ready the tape transport and press the DUMP key. As the tape dump takes 
place, the number of bytes left to be dumped and the contents of the memory 
location being dumped are displayed on the front panel. You can abort a dump 
by using the CANCEL key. If the CANCEL key is used, an incomplete dump 
image is left on the tape. This cannot be loaded at a future date. NOTE: A 
successful load automatically sets up the following three dump parameters: 


A. The program starting locations are stored in locations 040 000 and 040 
001. 

B. The program ending location is displayed. 

C. The program counter contains the program entry point. 


Figure 1-3A shows the steps of a typical dump sequence and Figure 1-3B shows 
the steps of a typical load sequence. 


Set PC to 040 100; (040 100 = entry address). 
Set 040 000 to 100 (100 = low byte of dump start). 
Set 040 001 to 040 (040 = high byte of dump start). 


Enter memory address 052 340 (052 340 = end address of 
dump). 

Be sure tape is ready. 

Press DUMP. 





Figure 1-3A 


The H8 memory image dump. 


Be sure tape is ready. 


Press LOAD. 





Figure 1-3B 


The H8 memory image load. 
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Copying a Tape 


The beginning and final address of the load image are placed at the appropriate 
points. Thus, to copy a tape, simply load the tape as described in “‘Loading From 
Tape’’ (Page 1-18). Then ready the dump tape drive and press the DUMP key. A 
dump then takes place, including entry point, initial address, and final address. 


In a similar manner, to load, alter, and then dump, enter only the ending address. 
The other paramters are unchanged from the load if locations 040 000, 040 001 or 
the program counter have not been modified during the altering procedure. 


Tape Errors 


PAM-8 detects two types of tape errors: record errors and checksum errors. In 
either case, when an error is detected, the tape transport is halted. The error 
number is then displayed in the center three digits (001 for a checksum error, 002 
for a record error) and the alarm is repeatedly sounded. To halt the alarm and 
return to the command mode, press the CANCEL key. 


RECORD ERRORS 
The following are typical causes of record errors. 


e Attempting to load a file which is not a memory image. For example, 
loading an editor text file or a BASIC program file. 

e Attempting to start a load in the middle of a load image. Therefore 
missing the initialization information at the start of the file. 

e A tape error which causes a portion of the load image to be missed so 
the next record read is not in the proper sequence. 


CHECKSUM ERRORS 


A checksum error is flagged when the CRC (Cyclical Redundancy Check) 
checksum following a record does not match the CRC calculated by PAM-8. This 
error means that the record is either incorrectly recorded or the load is faulty. In 
either case, the load should be attempted again. If successive loads result in 
repeated failures, the original tape must be suspected as faulty. 
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1/O FACILITIES 


PAM-8 supports two commands that allow you to perform input and output 
functions on H8 I/O ports. These front panel instructions permit simple manipu- 
lation of the H8 I/O ports without your having to write extensive routines to 
perform these functions. 


Inputting From a Port 


To input from a port, press the # key. Then enter three zero digits and the 
three-digit address (octal) of the desired port. NOTE: The front panel should now | 
display 000 AAA, where AAA is the port address and 000 is meaningless. Press 
the IN key to read the port, the value is displayed in the three left-most a of 


the front panel display. 


Outputting to a Port 


To output to a specified port, press the # key. Then enter the value to be supplied 
to the port in the three left-most displays. The port address is entered into the 
middle three displays. The display is of the form VVV AAA, where V stands for 
value, and A for address. Pressing the OUT key causes the value to be outputted 
to the indicated port. 


Addressing Port Pairs 


Frequently, ports are assigned in pairs, where one of the two port addresses is the 
control and status register and the other port is the data port. Address port pairs 
by using the + and — key to change ports. Once the initial port has been defined, 
the + key increments the port address to a new higher numbered port, and the — 
key is used to decrement to a lower numbered port. 
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ADVANCED CONTROL | 


One of the advanced features of PAM-8 is its provisions allowing sophisticated 
users to augment or replace PAM-8’s functions. Augmenting or replacing PAM-8 
functions is usually done in conjunction with assembly language programs. 
Sometimes it is possible to implement these features by using the POKE and 
PEEK commands in BASIC. The sample exercise in ‘“Appendix B”’ (Page 1-64) 
uses several PAM-S8 functions, including the clock, I/O, and the audio alarm. 


The following discussion refers to symbols and locations defined in the PAM-8 
program listing, given in its complete form as “Appendix A.” Itis recommended 
that you review the PAM-8 listing in order to become familiar with its various 
features. This can be done in conjunction with reading the following section, or 
independently. In either case, a first overview followed by a detailed analysis of 
the listing is probably necessary for a complete understanding. 


16-Bit Tick Counter (TICCNT) 


PAM-8 maintains a 16-bit (2 byte) tick counter known as TICCNT. The value of 
this counter is incremented each time a clock interrupt is processed. As an 
interrupt occurs once every 2 mS, the counter is incremented once every 2 mS. 
As long as clock interrupts are not disabled, this value can be used by any 
program to compute elapsed time. The tick counter may be set to any desired 
value, but it should not be frequently reset, as this interferes with the front panel 
refresh cycle. The contents of the tick counter are contained in memory locations 
040 033 (the least significant byte) and 040 034 (the most significant byte). 


Using the Keypad 


When your program is running, PAM-8 does not recognize any single key 
command. Thus, all single key patterns are available for your program. To read 
keypad patterns, you can use one of two routines. First, you may take an input 
from port IP. PAD; or second, your program may use PAM-8’s RCK routine. The 
input port IP. PAD is permanently assigned to port location 360. Inputting a 
binary number from this port detects which of the 16 keys are depressed. These 
results are shown in the table on Page 1-57 of ‘“‘Appendix A.” 


A far more sophisticated keypad routine is available to you in the RCK (read 
Console Keypad) routine. This is also described in ‘Appendix A”’ (see Page 
1-57). RCK provides keypad decoding, keypad debounce routines, auto-repeat 
routines, and acoustical feedback. 


NOTE: If you use two key combinations, each key must reside in a separate bank. 
The first bank includes keys 0-7 and the second bank includes keys 8-#. RCK 
cannot decode two key combinations. 
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Display Usage 


When a user program is running, PAM-8 normally displays the contents of the 
selected register or memory location. However, you may disable this process and 
display any arbitrary segment pattern, or completely disable the display to 
provide greater computational through-put. The display usage is primarily 
controlled by setting various bits in the. MFLAG memory cell. This memory cell 
is found at location 040 010. 


MANUAL UPDATING 


By setting the UO.DDU (see ‘‘Appendix A,” Page 1-25, for an explanation of the 
user option bits, UO.XXX) bit in the .MFLAG memory location, you can instruct 
PAM-8 to continue refreshing the front panel displays and to disable updating. 
When this is done, PAM-8 continues to refresh the LED’s from a 9-byte block of 
RAM cells found at locations 040 013 through 040 023. A description of these 
front panel LED’s (FPLEDS) is found in ‘‘Appendix A” (see Page 1-60). When the 
UO.DDU bit is set in .MFLAG, the contents of these bytes are not altered in any 
manner by PAM-8. 


You can use this technique to display numbers, letters, or arbitrary bar patterns 
(see Page 1-58) on the front panel displays. For instance, your program may alter 
the display by inserting any value into FPLEDS. The front panel LED segments 
will display a decimal integer if you use the octal to 7-segment pattern (DODA) 
display. 


MANUAL DISPLAY REFRESHING 


By setting the UO.NFR (User Option.No Front Panel Refresh) bit in the .MFLAG 
memory cell, you can instruct PAM-8 to stop refreshing the front panel displays. 
Setting the UO.NFR bit does not disable the clock interrupts; therefore, the tick 
counter (TICCNT) is still incremented. But PAM-8 does not refresh the displays 
from the information contained in the FPLEDS bytes. 


NOTE: If you desire, you may write a program to refresh the front panel LED 
displays. Usually this is done using the clock interrupts. If you undertake an 
independent front panel refresh program, take extreme care to avoid burning the 
displays due to excessive refreshing. The total power dissipated in the LEDs is 
determined by the refresh cycle, and too frequent refreshing will result in 
excessive display heating. 
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Using Interrupts © 


All H-8 interrupts cause control to be transferred into the low 64 bytes of 
memory. PAM-8 occupies this memory space so all interrupts are first processed 
by PAM-8. Except for level zero interrupts, which are used as master clears, you 
can supply an interrupt processing routine for each of the seven additional 
interrupts. The following sections explain the use of each of these interrupts. 


I/O INTERRUPTS 


Interrupts numbered 3 through 7 are I/O interrupts. PAM-8 does not process 
these interrupts in any way. When a level 3 through level 7 interrupt is received, 
PAM-8 immediately transfers to the user interrupt vectors contained in memory 
locations 040 037 through 040 064. These locations are listed in ‘““Appendix A” 
(see Page 1-60). Each location must contain a jump instruction pointing to the 
appropriate program location which processes these interrupts. 


NOTE: If any of these interrupts occur, you must supply a processing routine for 
them. This routine must be complete including both entry and exit processing. 
When you use H8 interrupts, you must use only the available vector which is 6 to 
insure compatability with future H8 products. You may also use 2 if you will not 
be using BUG-8. 


~ CLOCK INTERRUPTS 


The level one interrupts are generated by the front panel hardware every 2 mS. 
PAM-8 normally processes these interrupts. However, by setting a processing 
vector in UIVEC and setting the UO.INT bit in the MFLAG cell, PAM-8 enters the 
users routine each time a clock interrupt is generated. ‘“‘Appendix A”’ (see Page 
1-31) gives the required entry and exit conditions for processing clock inter- 
rupts. 


SINGLE INSTRUCTION AND BREAKPOINT INTERRUPTS 


Level two interrupts are generated by the single instruction hardware contained 
on the CPU card. When a single instruction is requested, the result of the 
interrupt is processed by PAM-8. If the single instruction interrupt was gener- 
ated by PAM-8 in response to a Monitor Mode Single Instruction register condi- 
tion, PAM-8 processes it. Otherwise, PAM-8 jumps to the user level two interrupt 
vector (UIVEC). Since the level two interrupt does not affect PAM-8, a level two 
restart instruction can be used as a breakpoint instruction by the user programs. 
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APPENDIX A 


Panel Monitor Listing 


This appendix contains a complete listing of the PAM-8 front panel monitor 
program. PAM-8 resides in the low 1,024 bytes of the H8 computer. It provides 
all the control for front panel operation, and cassette or paper tape load and 
dump facilities. It also provides for master clear and front panel interrupt 
processing. PAM-8 presumes RAM cells are available for its use in locations 040 
000 through 040 077 and 80 bytes are available in high memory for a stack. The 
use of these RAM cells is described on Page 1-60 of this Appendix and in the 
memory map on Page 0-36. 


Pages 1-61, 1-62, and 1-63 of this Appendix are a symbolic reference table. Use 
this table to find the program locations where each symbolic address is used. 
Symbolic addresses are listed in alphabetical sequence. 
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ap CT Oe eT saa eee TPABT ~ ABORT TAPE LOAD OR DUMP. 
Sota deceanaiaue a rensuedtenee eres AROE Fe TO OE UIT ead caytoa au luteth ged dasa tence anwsalellsna dla lls eehaladtacedy diedaacnans 
931 x ENTERED WHEN LOADING OR DUMPING, ANID THE ’X’ KEY 
(a itet Se Agnes ee eared tat k caceeld Teel eats oe a ee be emer Be OE We ee actyac eaten tates cdeteaedecentaniennsenwies 
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sia SecA iss niece sass yee ein Heeeatende ses. A SOURSO SE ESSESESESEOSEOESEOESSSSTESLSSOOEOOESTSEOOESOSSOSEO SESS SEO SOSOSSOSCOOSOOSSOSIOOSOOOS SSO OSOOSSOOSOOSIOSCOCOO OSES SOOSSOSSSOSOOIS 
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“3 re S35 Si EME CU SHEGK EOE USER” EORRERD ERE ete 
940 x 
be ha cadh ce tee aBats eee seege eat eee erena BIO Keene Ae EEE ARE REVBAL ENTRY OTE S00 PARES OU 
942 x THE TAFE DRIVER ABNORMAL EXIT. 
patuneion eae lec nandeeate ian talne ge cehwnewit: yon ne ES OLA 8S 
944 x ENTRY NONE 
ech Ae sect alec eo saccade eacnasuioas Bee EU EEE OPQ URRETR TE NOT DRE acre ener c reece nates 
946 x (A) = FORT STATUS 
and dad ao acd Sang Deen eet uae FO ci ee cv PETAL EL Dey AO or PE RSE EEE COS SO OECE OES SSE OSES SCOOT ESECEEOOESOS 
hadi tieacteuceeates OMG oR apace See ee etiam citar hacazcroes ; 
Sbileieastbereatnaie cence vee tices me Fe RCT IIE Ce RTT MN SOIR ee RP TRE OT ET TET Ue TTT NTS ERT TOR OEY 
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a ae Pesca, eee Fey ea EEEE TREY oo CLEOPR v ET PEEEEEOR EEECESEEESTOOEE SO EEESSCESEOSE CESS OSOSSSOCEOSSSOOESSCOSOOOSS SSE OS SESESSOSOSSOOOSSOOOSOSOSOOOOSSOOOSOOCOSOSOSIOESS 
002.254 376 157 Gos ou. cho, WERT O1101111B x 
Sates ceabcenats Sod deg aga aE BET Ca PEER E BEAT PARE ETATOG CUCU tee terete 
002.260 300 954 RINE NOT ‘X’»s RETURN WITH STATUS 
sobre ayeitee. 0s 00s Ee ee cP ae PERRY Se ae OUR rT I anche sluginius Sein eaceac seats ductsenamdtainnets 
002.264 351 256 FHL ENTER (TPERRX) 
s eaienauhen aces boeaeneatace ae eiasmacietaes. fe eggs SOIR HOO I has eA sate apn oan es ON 
Rs ca eee 
deixar Saat shee Wh cdg sae Baas oes oecoet eS RERAS EVTES UNTIL TT RECOGNIZES THE START OR A RECaRE Ce 
961 x 
ete seaeuaiecla deseo cheat one alt aan ees Ee pete ae eee ates wien reg papi Pe ce Fao chan ins NARdRynal cohet awa ctaas Ce bahtstias cau na til raeaaieecens 
saoaadeieeea eases: 763.0% 0..,., AT LEAST 10 SYNC CHARACTERS oo ., ae 
Aosta sanandds As nadiolls cents caecrone Se rnees oeaare Fee keGeee ire? Nene MAN NES Ante SAT ORM TESST rae ee eee 
pte eke Lanes TEI tele cet hank Aicoseat SUES ln Ades Sah Sd ea Silas Ae ols lea ats oled nln da Salen 
sash Ra Det es te ume reett aee oatare hE CRE LTS ES THEN TNETTALEZER: Seeeageaciet sehen NEE nia Re be Ol heh ceases caret belaee 
967 x 
data acitnicasiviaee aie d aman uae eaer i sakoes 6 Fae SER EREEEEEO TOON EEEEEG PR PROCESS ECESSESEEEESEESOSS OES SSSOSSOSSOSOOSEOSOOSSOSSS SSO SES CSO SSOSCOOSOOSOOSOSOOOOOOOOOSSSOSOOOSEOOSE 
Ms datas 969 kK EXIT TAFE POSITIONED (ANID MOVING), CRCSUM = 
Lassa abd Nea e Oe memae na se eas tepe eaten eodaees oy eee Ss RRR REL Pe PPE CEL EE 
scoariNe iota TROP on sich sitet utacuRiees seagate Ace ere 
Bac Seserdeihete hatched te taaientienaieae Peeters PPR EES EP SERS a EE 
tbs a ate dns itt FES cst dual ai secuiciohin Sia ceielus hen ekcccaenae ts Cute lainday 
Serial NiBNt ohiie anette 2m S88 Ae - Rote a ecr sted Daeg caput sie tench taaaiat ene stead adiney caunantiee ri 
Seomunedacenn ee COE BO tdi h wedlawendeah Seat Age ORO Latte Os CAs ENE Io ee wineuala edivlas sua rly wpa arnia deadd wala datas ae daca acee haanthae sable tua Same nanes tata aeee OO 
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Sheds eka OO2ce7 1), GPa Gad 2002. FFP. ORO. 2. GME o INE Sy i26. coecs oe ace EEL INE AD VOOR, coyote eh hah eels ce oe eck stay Stl at ile La td 
002.274 024 980 INK ti 
Rotate ens OO 2S 2 SAO POR Girne cee Ody eae le cette Us hic PN BOD Neekin tut Cactaslitdh tas ane Loe tte ca Boek ity Ra os teaal lv dal Beg tt ae Slate | eee oy Sadhu ans 
002.277 312 271 002 982 JE SRS2 HAVE SYN 
sue a dln Ruste catia Oe BO PTO oe cs aos ek Ny Bt ch week lla LI Be OUR Oe ee Gratton Bes ane eed wed a Renae? Such wet ee a ae ae oh Gace eho t abit heel ahead ca eas 
002.304 302 265 002 984 JNE SRS1 NOT STX - START OVER 
985 
002.307 076 012 986 MVI Ar10 
vavukeytedeuss OVZUSIL, C278 sone ei udlaee.: A= Ae are CMF... Dee e eee e eee SER. TF. ENOUGH SYN CHARACTERS. ooo ccc cece c cece cece eevee 
002.312 322 265 002 988 JNC SRS1 NOT ENOUGH 
ake sieapantet DOR STS (O92 O87 090 FOF ic whutave ees SHLD, CRESUM ooo! EE GEO 08 ons oid ia Seles eae at ae eoe egh aed acaanudana ate aetes 
002.320 315 325 002 990 CALL RNF: READ LEATIER 
SM eter cerry tena OS ON srg ch NN ld datecctg Os EA Riu Sibi pase OEM Seca EL GA Pea Bae nd Sede Soap eS aia SSE BEES Siac hc din RR SN aa at) 2s GEN adhd dt Sa Me Vid sy BebM hy ahaa 
002.324 137 992 MOV EA 
Pdsutvalsin A 4d 3 lec Sie Lyin tau h denen erode wale ee CS et eee on ow IMF. FINE torte ote eats PE Pt: CUNT x55 os ots aden tva dng tench ane ode twnete aati ee Soden Maden ea cee 
995 KK NF - REAL NEXT FAIR. 
sil c A pase Re Seca Neenah Ce ct OA PS ETE aig Bo etn, aca hiok Dita ne decta stata, Malt Meola alae Gueicad ies tla en Solarahe stants ot rd den ale eek tia ee tall eat he Ma 2 Mes dh Age NS nok a tle ae 
997 x RNF READS THE NEXT TWO RYTES FROM THE INFUT DEVICE. 
Sts Wiercictcts acta eelans sie Sem end Mee ee oot ween Fe PR BES hal is sia ange ahi da vied aie laa lalog ht dts ceca MN Sel ae ia hac Aa neal eal hae Ne acne Oe ce aR oe 
999 x ENTRY NONE 
t dsedenite Mam elntnee eta huis tons Seana daneeuee PO eM sh cas cisvateg le Py alata oles NE eee ee, SET Orr raa ate thao uta ane eas ea annua ea pl pea Garand Seelaa Me ns oo Mote Haak Cae ees 
1001. x USES A»FrH 
Materhondhe toh iede eee etdiowatnaeatahnaee Be Machel tis cectaaia tania tues ers ur rome ee ost Boa ash att UA corre Tastee ae dn te dbp oats PE sla ees ae ha est cn ne nash esd pa oanetad postales 
1003 
veveeeeeeeeees 0024325 315, 331,.002,,.1004...RNF........ CALL... PE hee 3 Siete cache a PoE BNE RT EE Reo 2 ceteris Saat ae Blas ta hg cea analy Boat ated 
002,330 147 1005 MOV HeA 
SE Tee Or TERME, EINE REE he RON ee BOO GF ne ecacoirdacet ls Rect oe oki od ocie a am eee PON DR no anit tected ter yn celts naan alive neta ands vamind woh agentes 
1006 *xk RNE -— READ NEXT BYTE 
S sans dipsansilithaa sein baiaea aie aula ve tentehuciah tuSa ON Gedo POOF oi Mirvceetcsnsteds ak Se tiaaiten hare sled tose ditirwan eto hisid cra ath a Shs ratien alata ba a pease tuts oa an le ah witch tal atoeled a ahh Osan deh: agen eae ea te tenes he bhs 
1010 x RNE REALS THE NEXT SINGLE BYTE FROM THE INFUT IIEVICE. 
STE aR COCR a er cera tee Seem TT eee 10114...%......... THE: CHECKSUM 1S. TAKEN, FOR, THE CHARACTER eo... . ccc cece cece cece nce neeeecceeeeeeetesecuneeetetenseers 
1012 x 
sete asic ele aeae cheese eh ethane sete Aten OES a leg RINT Es a LILO ae 2 8 ol caine teoia salen lyeracadira lyhae Sitios OPisale be Sepa Midd ohnies edna dada te bactnat hatte tdteeoaaseluas 
1014 x EXIT (A) = CHARACTER 
Saree cane teats ares elute ach edeubeweren Sey hosts OT kre Rep a SOI ead Paredes aah ane MEN ak Oot, inl eee ete wire Sohhnn hehe Lape aaa es Aas Bea wera oaaeatam ayaa wabhds 
1016 ‘ 
Lesertind DO cA acba waaay Maui dablcna cat eube denier abate Cassi ad ting Gable cubic Bak aut hanty wc atin Reinet deds Steams wed Redden hanes Wynd se Te 
ee" 002.331 076 664 LO18  RNE NVI AvsUCI.ROU+UCI.ER+UCI.RE TURN ON PEADER FOR NEXT RYTE 
cen ceceenneee ss 0028 1333, ,323. 371 0000.0... LOT i cieeteaceis OUT aces DOE AT ira sche sitet et ct be ect tg ae Rag eB a ach ha bata sgl cate Sob a ee AOS a WN RY Yd nea 
002.335 315 252 002 1020 RNKI CALL TEXIT CHECK FOR *» REAL STATUS 
sitet ita Oe tie Se DOR EOD) CSI OO oo lo Seek Sere ind dre ay ad aie cece ge aah tN ORIN sk pa NN cele ee DS baie eld eh nal ior  ee geactn a aa et ou eure anats 
002,342 312 335 002 1022 Jz KMBL IF NOT REALY 
cece eeece cece 90813495. 399.370.0000... 1023 oes DN a caiehcdes TR FR ee DEINE UU M2 NNT 15 hoo sray te cr dusl arash ave ays, aceasta a hosts rca elecany stalin @ a sectee doen Tae eloen anne aeens anette ae 
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Me dgatNbnin lola band Pansbitl ee mbercNbet ace ceatans 1026) J 9E vccicc, BRE ROMPUTE CRUE O 12. acuguseaiy onze pe see edavabedsg agate Mic Vevawyalnbniasenes SiSheeee oege shabsuanddweees 
1027 x 
easetdaseee lees cuss ste Re tent theses USS eee Oe tetecaununnas CRC COMPUTES A. CRC+16, CHECKSUM FROM, THE FOLYNOMIAL cece cence teen eee eee 
1029" * : 
pilteaheseeeaas BO eee pee caes te RD Re ee Ley voc nttitaai tae aagentarae tag ne ede tat tetrad ea tce teed ets 
Debate aeseapn enone oar ce e aera Sete 
SUN astige SRL ce ee tes) etc Ect LI or CSAIL PL ee kA G heen oe oe ee ee 
1033 * A CHECKSUMED [IATA SEQUENCE CAN BE VERIFIED BY RUNNING 
1034 |x THE DATA THROUGH CRC? AND THEN RUNNING THE PREVIOUSLY OBTAINED oo, 
Suis cabo te Gene ssbaneat pene cease pears motets: LUE OR dO ee tele Ae Cana name EMER o MEO De rere seontaeems 
12a pecs aeiaegec au weas DOD te el id en dss Bie ely Set a Rata tiaes pits ase Pa AS Rk a hoe Ba hat ia aaa ace ieee Seay kta aee eee gta 
OS ee PRE WN (ea wot 1037 ** ENTRY" (GRCSUN) =” CURRENT CHECKSUM 
Sv deeds at oe iotew th eatnneeradeia wei tan bre tes Bee sient meat wen waxes ee cea Caw ete we ag ee ne ards StS ae oats ele ap ee Senna ta a cia Reig hecs at ade ane leg eae oats ak aniolys 
1039 x EXIT  (CRCSUM) UFDATET 
Sead he Bic nce asic copie OMAN Re eae a RE OAs atin tiga OAM ce Mies ec cana my aaa dade quae OY Louw IT CPU AN bah dias nga daicmuntet aa get da Grane Aa aaliallls Wines aateandeG digtesuian ale aaud waahenda se anenee ates 
1041 USES FF 
Si Siecsns Daan ke Neca Taping win Guardsman ee BA a cliate ass vs ogi iad Ode Os CEOIY <e dp Rem cuelahiqem abode Meet as BRT toe OMe Rie ue ae nea eh das ae adnan gg hha set eae a sae eI eas cas eane ahs 
1043.” 
0026547 305 ieee: 1044 CRO, UOTE ea dl cu cauaide celane SAVE (BC) a. 
ee ee ont aan ce 1043 ous ae SES 83 RY SEES TESS 
002.352 345 1046 FUSH oH 
ieaebanehcsercbin oo ge OES ONT O40 LO4S rch va CEES ESSE OEE ERS ROSE SRESRSESS SEE SECEEOSE ESOS SSOOSOSSOSOSSOSSOSSOESOSOSOOSEOSOOSOSOSSESIORIO® 
0024356007 eee: 1048. CRCL FU sa taled coun nang ele aatelinas taeda eenerane iA ph ide nait ih feonduady vakinapeiem ian poacaeidanmmnataeniatatenabededteaigs 
i cll 003.357°°'117 1049 Mov Cra CC) 'S BRIT ae 
DORE BOO EID isc aahiencnae De tnakeee tained OM estes IIE ch cies Saar Stakeeh ui bnu tire ebadalns wie deg Sg Mae Paha ches eescumtcwsaeadageatean uuGaeaMued add aaddaiaes 
ee BOS der CASE toes nee ° sid 
Oe Pe tical Oo ce ensue ds vee atacinutia Gaiak MOV lise Dore cocvsds rai tea peace nga han ag ested ae Met Sekar ace 
Leoetapeseeseee BOG egg ened ggeeees tec aU FO EEE EES SSEES SES SOE SSE SESSS SSE SSOOSOOSSOOOSOOSOOSSOOSSSOOSOOOOOS® 
i OE BOT tg ORT eh 8 Scent 8 ae Ree eee rete FI aa acces toile sg Pitta eg areas cal tgseb eco Gata teaioe deed cat oben ethos ORE REINS Galles Sette a cama 
didag eames oe 358...082 1ee8 eer iA Medtedeccicee 
OO POON Oe Ligaanescansan ROO oes usinacashiees Pea tts Mii uncle eae tee pte anes AeA leit alas Poth se biens 
heea enact ties operbeemnsd et Sie - ae te Salad td Govadead berdldiadioo dent dasteteeshsayeiae 
DO SLO ONT ois wes elaine OND diana gerade Sareea haa Rained SeGNas og saa eh ee ache Tava 
st lacs at ain OOF G eRe au yoy LoEe He Hie re Net EO KOR Glee aii nade ctahaageb thet olor atapase eetencdn atta 
002.374 174 1060 MOV ArH oe, 
hha 9 OEE S973 OEE 2 SEES SESS SSSSESES OR OSSOSSS OR OEOOOSOSOSOOEOESSSSOCOOEOSOSSOOOOOOOOOSOSOOOS 
Pee PCs aidan: ee eared foley Lh ee NN eo ala died nena ede lace dae ea aetna 
eee 54 360" Las toes rai me oes dit nta causa tne ae nee nc acede Beer banged meester 
003,001 356, 005.0: PE ce calle Sieitgait nid ere Satish ah tettned oriioa Cla Ste wean ule enneCnn ant adi@leaiives 
Siedieaoeenys: O04: O01. 388 toe nite ne paiteed Ravasceuasoverteas Se fie ami Gaede eta hot ode salto vaneee 
Cathie hie as OO seis Rie harsh accede eed ee Oe ot Sata EY ctl getter yh Sain Sak ORAM at a AG SAG tread iPod a BNR eat Raa Sata ee se ee 
603.605" 005 1067 LICR i 
Syeeebemaccwis eh Ot Oss BOR, OOOO SBN a ees aches DEE ss dicsivis IE eset onesie TE IN a essrate tans derattaln asta glad Sota ee ea dearer Ga Sto S Se aN y Han 
003.011 042° 027 040 1069 SHLD “CRCSUM 
saan ty Maile OOS OT OAT ons ech cre cin? UAE ends Creek run rR iASae Mabie ane SONG UA RAMU Ee atte Oy a nagick SoutaS bul sails sume dhudi nnd ted aeeed Senae tema cee asaan a 
603,015 “30i 1071 FOF E RESTORE (BC) 
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er ects earn aince nie 56. a wate he Ai tON aes oe a et ORR eI 1 AL SR 3 a eS oe ee ee ee oe ee ee ee Oe aa Re 
sa Mi pecthts cute darhatt, hae s dant neue 
Brad cittashetetoearns thee een eaten eeutitntes tee hake tent ot 1076 0% 000 WRT WRITES THE NEAT TWO RYTES TO THE CASSETTE URIVE cece ce eee cece eee e eee 
1077 x 
take eels earn alee k Aner, haa DN oe Bla GME Beate ee na ak FOF SIM aig a shel SIN EON a oon PU a A Eh, Se cba pte os enh aint CNS Gat tamed dun Hn cust Ne SOS etl gases NOE tat dal 
L079 EXIT WRITTEN: 
Sina ish to either cha eo hw ak ete see cs BS, EERE | toe Oe ee en En oe Ae MR ea Ae Riel Ben SORE RR Oe oe earn Ne eee eT re raat 
1081 
he sree shar Oa costs tine Gua hatte sd ase Sie en No cee eds See ac tts a eee tan Rae hh gs alec ea ed ucts se a anges Rd AN Gree acs in a Da By etch AO trod Re Seok toe ee okt 
_ 003.017 i74 1083 WHE MOV AyH 
veceeceeeeeees . 29S 0280 S315, 024, 005,..1684 00, 0); | 8 pee WUT 3 ete LE Seek tae te tate che Ban Oi ts oho a cn aee Cae athe te Sn witli eta sek SNe rh a ice 
003.023 175 1085 NOW ArL 
eteeies dori de ot id eine a hiaks Boade, Sh tanalauae tee aie oo ERR. Sa erie S| SOW RR AEG 1 CS SRE RE ES ee 6 Fe | 8 Aa = 8-2 nr eT oar 
ss SO aimee att Meek Ata Ses aes 688° KE atta ae 
eesientt Wiehe tts hate eas oc Gleb adalat RO rc dc cles tve a epee i te ASR tte atuad thts SLR geal ate RN dtelm de Sul inagdpbestlases a Oats each Naas s sraceenh cn ttyl ana ity aks beak ban Mets gathers lls ana i SOARES ore cg OE 
1090 x WNE WRITES THE NEXT RYTE TO THE CASSETTE TAFE. 
sR acest ahs tern st tet tte ah Goan rae OIE SM tes aesthetic tee ea ace se Paice thes ape le eine tanta Meta te Rs a PAAR Sanuk wennin na tusananiath tose sua lends Weal rets 
1092 * ENTRY (A) = BYTE 
a tie Surette aetna eh atta as EE ot eat on ta oer WA cl tN OE a2 6 lA ee once Ba hd Ee Be Oe boil or nase a Rasalan a eatin slau Gimsndag ares 
1094 x USES z 
putes te Oar oan eae ee Ree BF senha sey geste cath Rages vs ase Se Pash I gt aa ees SP Ns ty Meee SD MOD BEN BIO Nhe ARS dle dey Oe Ne death o eh nae ea dedwa sd 
1096 
Ay et eae & WO EO) AO Sed LoL tdi ea le coc ON EO tama Se tS PW ee ae Ble tt te A eis hee ied a ela ahd ays Conte Fatah RS A Dat a Beh Ao te Aas 
003,025 °° 315 252 002 1098 WNBI CALL TEXIT CHECK FOR *: REAL STATUS 
003,030 346 001, POT fee areeet esa ANT. ieee US PAT et secon see aera oh Gaia at mecratae ehctenae ened Soseta acs Gilad Ut Laete 4, Att ek odteea Sera Neer ath Pat aha tam 
ere "003,032 ° 7512 025 603-1100 : JZ WABI IF MORE TO GO 
003.035 076 O21 210d mvy AVUCT.ERtUCI.TE ENABLE TRANSMITTER ic ccccacceeeeeceeeeeeeteeeees 
verte AGT RE og og bee ties BuR Peper a ee SEN ON TARE renee 
003,041 361 | DPOF: at ees ee FOP... eset creel oR SSN NE hs Se tenn esta aen OM Atos Steel MN VT De) Pa en Sa Pe han 
Doatiee ee eeeee COR Oar ESE SO UU UU TL ON at ore auiBUT TATA 
003.044 303 347 002 1105 JMF CRC COMPUTE CRC 
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ones pe ron 204s tole ORR 10 0 anh ees caalebwignaritae 
Renae 1109 4X LRA - LOCATE REGISTER ADDRESS, 
sasha cies arenas 1109 AL. B REC EST EF DURE G Sey 5 acca tin lahat edndeie ind nehuintecee adidas mothaonne dss 
Ca rae AA OF SENTRY NONE SS 05 i oa Ae 
ee escapee Setanta denne ete 1111 ENT NONE tease Ai tena stn Gutter ncten ad Litera eutseaias 
Lei ee ES oe (HeL) = STORAGE ALLIRESS 
Sia ek Ae Natale ho dace BEES sacectoncecigocye NMOS ORAGE ADDRESS oie iis cal cuits rales Sessile SAN in 
1115 x USES ArtsEsHyLeoF 
Te Ray ete eee et en earn et sec arnt basco teen fiat neuter A Sarid alee 
1117 
ee ae ee ee BT sack ece a cnc sah dad eo Aan daa tance dees cca edd etna ad ten ae ae 
003.047 072 005 040 1119 LRA LIA REGI 
ieesnnes OO 007 O72 00 O80, ATES CERI eA DO nets OY nod acastints ld teonccnaatcb nigh cachet cS al dM eacuie li Ss a 
003.053 026 000 1121 MVI ItrO 
eee Oe tree eerste aa esr ae ieee ene arc einer cece et ge 
003.060 O31 a, Dhue BAIN hae ata tan torte: (HE) = (REGPTR)+(REGI) 
Sa teniaeeete 00530600815... 1125 ban ED = GREGPTRDE(REGD as cceacecesessscaseasecarereasens 
1125 xx IOA —- INFUT OCTAL ADDRESS. 
kth cn iatboamedteea ere ae Be seg ee a toca achat an a tectid ean chiacualeh be aie hacen gil 
1128 x ENTRY CHyL) = ANDRESS OF RECEFTION [QUBLE KYTE. 
Meheonateone ceca ae BE aces a  OE er hs eqalee iat init eases 
1130 ¥ TO XRETX+1 IF OK» VALUE IN MEMORY. 
seek ean ices ease BS Os raesiae Se sarees ae ORES GENE AN EONS aia itp aeeconcs stag ee cl liye actin aati 
1132 : 
secteaddsle diy eel MMe eer erie eRe eT VOLE tA Lee ORT et eee TOE En Deena tener ate Men OER eae 
003.062 315 066 0045 1154 I0A CALL IOR INFUT BYTE 
ecanieee OO at ats de Ta hrassnade oa tiene ine heis mecca 
1137 xx IOK ~- INFUT OCTAL BYTE. 
Sper settee zs eee scent BS I cies POMS UNI OCT BT an ct Sad eae asennad Ue nvnuna 
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1145 x USES AsTyEsHel yk 
Rie etek eee ee Cia ee oar eine ania dea ater hoes ashen tly dade inion 
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APPENDIX B 


| Demo: PAM-8 


This program shows the advanced features of PAM-8 and, as such, should not be 
evaluated as either an efficient or useful routine. The program uses the H8 clock, 
keyboard, display and interrupt capabilities to create an accurate interval timer 
that lets you enter an integer value from zero through nine seconds. When the 
program has counted down to zero, an audio alert is sounded, ending the 
program and returning control to PAM-8. 


Use the H8 keypad to enter the machine code, set the program counter, and 
execute the program. While the program is being executed, the front panel 
display will be turned off and the computer will wait for you to enter a digit from 
the keypad. A single digit corresponding to the integer you selected is displayed 
and decremented until control is returned to PAM-8. 


The timer is typical of a program you might create. An interval timer, a clock, or 
even a game requires that you communicate with the H8. The keypad lets you 
communicate with the CPU, and the CPU uses the LED display to communicate 
with you. The computer understands the selected time interval when you press a 
decimal key on the front panel. The job status, or decremented time interval, is 
relayed to you by the front panel displays. This interaction between you and the 
machine is characteristic of most software applications. 


The program uses the PAM-8 firmware. Although it appears simple enough, you 
must study both the program and the PAM-8 listing (““Appendix A”) in order to 
understand what happens when the program is operating. We suggest that you — 
take a course in assembly language programming, such as the Heath EC-1108, if 
you have difficulty understanding the program. 


The program source listing was prepared on an H8 computer system using the 
text editor (TED-8) and the assembler (HASL-8). NOTE: Your programs can be | 
handwritten and assembled if you have only an H8. 


The Sample Program 


This program initially blanks the LED display and waits for you to enter an 
integer value. The computer verifies that the value you selected is permissible 
and then increments and stores the integer. The value was incremented because 
the display routine always decrements the count by one when it is called. 


The most subtle part of this program is the interrupt service routine.* The H8 
requires that you initialize the interrupt service routine by loading an instruction 
and address into the user interrupt vector (UIVEC) before executing the inter- 
rupt. After UIVEC is initialized, the program will jump to the service routine 
after the next interrupt signal is generated. 


The main body of the program is a ‘‘do-nothing”’ loop that holds the program ina 
wait status until the interval timer has reached zero. You could replace the loop 
with another program which would execute simultaneously with the clock 
counter. When the countdown is complete, the program returns the H8 computer 
to its original status before halting. 


*NOTE: Basically, an interrupt is a CPU response to a control signal. This signal directs the 
software to automatically save the current CPU status and transfers program control toa specified 
routine, called an interrupt handler. When the interrupt handler completes the routine, program 
control returns to its original status and normal program execution continues. 
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